That a hemolytic process is one of the potential causes of anemia in cirrhosis of the liver has been well established by repeated demonstrations of decreased red cell survival time in a large proportion of patients (1) (2) (3) (4) (5) (6) (7) . Shortened survival has been noted, not only with autologous cells, but also with transfused normal donor cells (1, 2) . This would clearly establish the existence of an extracorpuscular factor. Moreover, Jandl (2) has pointed out that the exponential contour of disappearance curves observed in patients with cirrhosis suggests random fractional removal of cells by an organ such as the spleen. This of course is consistent with the widely accepted notion that the congestive splenomegaly of cirrhosis causes "hypersplenism."
In previous studies employing thermally damaged Cr51-labeled red cells to assess the size of the spleen by a scanning procedure, both we (8) and Wagner and co-workers (9) found that the cells tended to disappear from circulating blood more rapidly in patients with cirrhosis than in control subjects. The present investigation was conducted in order that the rate of removal of thermally damaged cells might be measured definitively by analysis either of blood disappearance curves or of curves obtained by continuous recording of activity through an external probe placed over the spleen. It was expected that a sequestration function could be assessed in patients with cirrhosis and other disorders affecting the spleen if the corpuscular variable were minimized by introducing labeled red cells that had been subjected to standardized thermal damage. At the same time the size of the spleen could be estimated by the scanning procedure previously described (8) .
* Submitted for publication October 28, 1963 ; accepted January 30, 1964. A measurement of spleen size along with measurements of portal pressure in patients with cirrhosis would allow correlations to be sought that might favor either size or congestive stasis as the principal cause of accelerated disappearance of erythrocytes.
Methods Controls (15 patients). These were hospitalized male patients ranging in age from 32 to 60 years. Most had entered for treatment of active but uncomplicated peptic ulcer. They were carefully screened to exclude the presence of existing or previous liver disease, abnormalities of liver function, and other known causes of "hypersplenism."
Cirrhosis (19 patients). These were hospitalized male patients, ages 33 to 66 years, in whom the diagnosis of cirrhosis had been made on the basis of clinical criteria including the following: history of alcoholism, various physical stigmata such as cutaneous spiders, hepatomegaly, jaundice, esophageal varices, ascites, and derangement of chemical liver function tests. Four had hemoglobin values below 11 g, and 7 below 12 g at the time of admission.
Miscellaneous disorders (5 patients). A small nonhomogeneous group of patients with splenomegaly, or disorders which lead to splenomegaly, was also studied. This group is characterized in Table II. The method of Cr"1 labeling and heat treatment of autologous erythrocytes before intravenous injection was the same as previously described (8) . Briefly stated, it consisted of incubation of whole blood with radiochromate at room temperature followed by incubation of the washed cells in physiologic saline at 49.0 ± 0.10 C for exactly 60 minutes. 
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Continuous recording of radioactivity over the splenic area was obtained for 1 hour after injection with the probe placed laterally in contact with the skin, and with the patient reclining in the supine position. In 17 subjects a similar recording was made from a second detector over the liver anteriorly. A rate meter, stripchart recorder, and a sodium iodide crystal 11 inches wide by 1 inch thick fitted with a ii-X 11-inch collimator were used as the detection system. Spleen scanning was performed within 3 hours after injection with the patient recumbent and with the left lateral aspect exposed to a conventional scanner. The scanner utilized a 19-hole focusing collimator, an integral mounted sodium iodide crystal 3 inches wide by 1 inch thick, and a rate meter with discriminator setting at 0.25 Mev. Splenic scan area was measured with a planimeter.
Portal venous pressure measurements were obtained indirectly by splenic pulp manometry, as modified from the method of Atkinson and Sherlock (10), with a 10-cm base line. The mean value of two or three observations was recorded.
Osmotic fragility of erythrocytes was determined by a standardized adaptation of the method of Parpart and co-workers (11 
Results
Blood disappearance. Separate mean curves of disappearance for whole blood, serum, and erythrocytes are shown in Figure 1 . The loss of activity from whole blood is very rapid. If the 2-minute sample is taken as an initial reference point, the percentage remaining at one-half hour is approximately 18%. At 1 hour it is 12%, and at 4 hours, 2%. The early portion of the curve is almost completely dominated by the decline in activity of the red cell component. After approximately 1 hour, however, the activity in erythrocytes has fallen to a point where the relative contribution of serum is appreciable. By 4 hours the red cell component amounts to only 1%o of that which had existed at 2 minutes. The concentration in cells at this time and henceforth is surpassed by that of serum. In the period beyond 4 hours a slow loss from the erythrocyte compartment suggests the presence of a minor population of cells that have escaped serious thermal damage. A preliminary analysis of data suggested that the mean curve of disappearance of labeled heated cells from blood was more rapid in patients with cirrhosis than in control subjects. The difference between the two curves was particularly noticeable in the segment beyond 10 minutes. In the group with cirrhosis the level of activity from 10 to 60 minutes was below that of the normal mean curve. The difference, nevertheless, was small, and statistical significance could not be established. But when the patients with a large spleen (> 90 Cm1l2) were separated into a subgroup and compared to subjects from both groups with spleens that scanned less than 90 cm2, i.e., normal-sized spleens, a distinct difference in the curves was apparent (Figure 2 ). That the difference in position of the curves after 15 minutes was significant was established by constructing a mean curve of all observed points beyond this time, counting the two separate categories of points above or below the line, and calculating Chi square by a fourfold table. The value of p was less than 0.01. Although these particular curves were derived from whole blood rather than separated cells, a variable serum component would introduce insignificant error during the first hour. The lower position of the mean curve of the group with splenomegaly suggests that cells had been removed more rapidly than in controls. Although a larger blood volume or increased splenic reservoir of red cells might be proposed as an explanation, this seems unlikely in light of the large magnitude of the relative difference in concentration at 1 hour (ratio 2 to 1).
Because the characteristic blood disappearance curve is a complex exponential, a quantitative intercomparison of curves cannot be made until component slopes are determined. All curves, when subjected to conventional curve analysis, have yielded three simple exponential components as shown in the mean curve for 8 control subjects in Figure 3 . The curve is dominated during the first hour by the rapid component with the Values of A8 for all subjects are presented in Table I . The mean rate is higher in the group with splenomegaly than in control subjects. The value of p is 0.01.
The shape of the uptake curves over the liver differed markedly from those over the spleen. a minute after completion of the injection, after which a near-plateau was established. During the succeeding hour only a slow slight increase usually was apparent. The flatness of the curve after 1 minute could be appreciated by comparing its height at the two extremes. In the control subjects the amplitude at 1 minute averaged 85% of that at 1 hour. The immediate abrupt rise of the hepatic curve most certainly could be ascribed to initial influx of labeled cells into the organ. Thereafter apparently the increase in concentration of trapped cells barely exceeded the disappearance rate of labeled cells in free flowing hepatic blood within which the cell population was identical to that of systemic blood. It was possible to correct the portion of the hepatic curves between 1 and 60 minutes for the substantial loss of activity in circulating blood by employing a ratio derived from the decrement measured in venous blood at successive intervals during this time. The rate constant of the accumulation curve The reason for a correspondence between the rate constants of blood, spleen, and liver will be presented in the discussion.
Hepatic activity at 1 hour in 11 subjects with normal sized spleens averaged approximately 15 % of that over the spleen (Table I gions of the spleen because of the effects of both distance and tissue absorption. Thus a spleen to liver ratio of 6: 1 by surface count does not denote the existence of an identical ratio for total content. On the other hand, the difference in ratio between the two groups of subjects undoubtedly has meaning. Splenomegaly, by pure change in geometry alone, should result in a lowering of the count rather than an increase because a smaller fraction of the total organ is under the collimator. It is therefore reasonable to conclude that the proportion of labeled altered cells in the spleen is greater in the patients with cirrhosis and splenomegaly than in control subjects. Correlations. From Figure 5A it again is apparent that the rate of uptake (A5) is substantially higher in patients with cirrhosis than in control subjects. Both this figure and Table II indicate that a positive correlation exists between spleen size and rate of uptake. On the other hand, pressure and rate of uptake correlate poorly. Even though an attempt was made to control the corpuscular variable by making the cells maximally susceptible to sequestration, and therefore relatively uniform in this respect, some variation in cells as reflected by osmotic fragility would be expected. That such variation does exist and that the degree of fragility of the heated cells is positively correlated with rate of removal from blood is apparent from Figure 5B and Table II . This might raise the question whether some unexpected red cell component were operating to contribute toward the correlation observed between rate of removal and spleen size. If good correlation between spleen size and osmotic fragility should be demonstrable. Such is not the case (Table II) .
Disorders other than cirrhosis. The findings in five patients with miscellaneous disorders are presented in Table III . Although the group is small and nonhomogeneous, a trend toward rapid rate of removal with increasing spleen size is readily apparent. As was the case with splenomegaly in cirrhosis, this relationship seems not to be related to a systematic difference in osmotic fragility of the heated cells.
Discussion
Determination of rate of disposal of material from blood by measurement of accumulation of tracer in a recipient reservoir was described by Keating, Power, Berkson, and Haines (12) for I131 taken up by the thyroid gland and for the (14) employed it in studies of the splenic uptake of autologous cells. The first two of these groups of investigators pointed out that the exponential rate constant of the accumulation curve of an irreversible receiving reservoir is identical to that of the exponential decay curve of blood. In the present studies the principle component of the blood curve is expressed as q = qoe-Xit, whereas the accumulation curve for spleen is q = qF (1 - e-ast). The rate constants A1 and A8 should theoretically be identical. Both represent fractional rate of loss from blood. They are assigned separate symbols only because they are derived from independent measurements. A rate constant of accumulation over the liver or any other participating organ also should be identical to A1. For any one of a number of reservoirs of accumulation it is the fractional rate of loss from blood which is being measured. Only qF, the asymptotic limit, will vary. This coefficient is proportional to the fraction of total dose that ultimately reaches the given organ. Because the mathematical proof of the identity of rate constants of accumulation with the rate constant of a blood decay curve is not given in the publications that have been cited, it is desirable to present it here.
Assume a blood pool (a) with two avenues of exponential removal with rate constants Aba and Aca for exits to collecting pools b and c. Let Ab, + Aca A, the over-all rate constant for pool a. Let q be the amount of tracer in a given pool at time t. For loss from blood pool (a) dqa =-qaX. The rate constants of both qb(t) and q,(t) are the same as that of blood. The coefficients preceding the parentheses are fractions of total dose ultimately reaching the particular reservoir, and they are proportional to the fractional rate constants Aba and Aca. These rate constants, however, do not represent the slopes of these functions. Also, the slope A would not be affected by differences in the proportion of a total recipient organ viewed by a counter placed in a fixed position over a part of the organ.
In the present studies the observation of a highly significant correlation between over-all rate of sequestration, A,, and spleen size does not prove that spleen itself is the organ that is responsible for the difference in rate. When this observation is coupled with the finding that surface counts show a higher spleen to liver ratio in the presence of splenomegaly, however, the conclusion seems inescapable that the spleen is responsible. As was pointed out in Results, although this ratio is not an accurate measure of total organ content, a change in ratios should mean a corresponding shift in distribution of total dose between the two organs. \Vith evidence that the total sequestration rate is increased, along with evidence that a relatively higher proportion of total dose is in the spleen, it is fair to conclude that splenic sequestration is increased in the presence of splenomegaly.
Although correlation does not establish causal relationship between size and rate of sequestration, such a relationship becomes increasingly plausible as other factors that might affect rate of cell removal are systematically excluded. A corpuscular variable has been fairly well excluded by deliberately altering the cells to make them maximally susceptible to removal. In such a circumstance the trapping function of the spleen should become the dominant rate-limiting mechanism. The nearly identical mean osmotic fragility of heated cells injected into subjects with spleens exceeding 90 cm2 of scanned area versus that of cells given to subjects with spleens measuring less than 90 cm2 would suggest that corpuscular differences were in fact eliminated, provided that such fragility can be taken as an index of the "cell factor" which determines susceptibility to sequestration.
Whether a trapping function directed toward artificially damaged cells is identical to that operating against a natural spectrum of cells is uncertain. It is conceivable, but rather unlikely, that separate functional mechanisms may exist for the two types of cells. The present design for measurement of rate is not easily applied to labeled unaltered cells from a normal donor because accumulation in the spleen is extremely slow. Asymptote may not be reached even in 30 days. Previously reported studies that have documented the increased rate of disappearance of autologous cells in hepatic cirrhosis have included limited observations on spleen size in relation to red cell survival. Jones, Weinstein, Ettinger, and Capps (3) recorded the presence or absence of splenomegaly as judged by palpation and roentgenographic evaluation. Of eight patients with shortened survival time six had splenomegaly. Of three with normal survival time one had splenomegaly. Although these figures suggest a relationship between splenomegaly and shortened red cell survival, the series is too small to attempt statistical evaluation. Jandl, Greenberg, Yonemoto, and Castle (15) in a case of hepatic cirrhosis with anemia and decreased erythrocyte survival time observed a relatively high uptake of Cr51-labeled autologous cells in the spleen as compared to three normal control subjects. The spleen, however, was not palpable.
A possible direct effect of hemodynamics on sequestration is worthy of comment. If adhesion of erythrocytes to walls of splenic channels is an important mechanism of entrapment, retarded flow through such channels might promote adhesion and thereby in itself favor sequestration regardless of organ size. The finding of a poor correlation between rate of erythrocyte removal and portal pressure suggests that stasis, to the extent that it is implied by elevated portal pressure, is not of primary importance. Jandl 
